-INTRODUCTION
It is well known that hydrogen causes embrittlement in several metals and alloys [l] , and among them are the austenitic steeLs [2] . For many proposed mechanisms [3] accounting for this embrittlement, hydrogen-dislocation interaction is thought to play an important role. Therefore it is quite essential to increase the knowledge of how hydrogen and dislocation interact with the crystal lattice to access the interaction among themselves. The aim of this work is to study these interactions and to determine relaxation parameters related to these processes. For this purqo-, the most appropriate technique is internal friction (IF) in which relaxation peaks, obtained as a function of temperature, are unequivocally related to each relaxation process. Observation of a peak due to hydrogen itself is only possible provided its concentration is high enough to be detected by the IF technique and the lattice distortion created by hydrogen does not have the local crystalline symmetry.
Embrittlement in austenite is usually analysed using high pressure hydrogen gasification or cathodic charging. This last procedure was used for compatibility of results with the few previous analyses found in the literature [4-61 for 304 stainless steel ( S S ) .
-EXPERIMENTAL PROCEDURE
2.1.-Sample-pre~a~ati-Wire samples of 304 SS with 1.2 nun diameter (with the following coGsit?on in weight percent: 0.059 C, 17.8 Cr, 7.9 Ni, 0.022 P, 0.5 Si, 2.0 Mn, 0.38 Mo, Fe: balance) were encapsulated in a quartz tube under pressure of 1.33 X 10-1 Pa, heated at 1173K during 600 s and quenched in water. After this treatment the average grain size was 30pm.
2.2.-~~r~g~n -c~a~g i n & .
Hydrogen charging was carried out at room temperature (RT) by the electrolytic charging method (platine anode) with a solution of 1N sulphuric acid poisoned with As203 (100 mg/l). The current density and charging time were 500 A/m2 and 3.6 Ks, respectively. -------------out in an inverted torsion pendulum at. a frequency of about 1 Hz and over temperatures ranging from 120 to 520 K. The free decay method was u ed for the measurements and the maximum surface strain amplitude was 1.3 X I O -' . The heating rate was 0.02' s-l.
3 -RESULTS 3.1.-S a e e s subjected ~o -t & e~r n o -g e~h a n~c~l -t ; e a t~e~t~. Curve a in Fig. 1 shows the IF as function of temperature obtained after the procedure described in Section 2.1 at 1.04 Hz (RT value). Curves b, c and d, in this figure were obtained Curve a in Fig. 4 shows the IF as a function of temperature obtained with a specimen subjected to hydrogen charging, as described in Section 2.2. This curve shows a peak at 228 K assigned H-peak. This peak has been related to the one observed at 300 K by Asano et al. [4, 5] and Igata et al. [6] . In order to observe the evolution of the IF spectrum with ageing treatments, measurements of IF as a function of temuerature were performed after linear annealings at 373 K and 473 K, as shown in curves b and c of Fig. 4 . It is observed that the first annealing decreased the peak height by about 60%, while the last annealing affects very little the precedent spectrum.
-DISCUSSION
There is not a great amount of work done using the IF technique to study the behaviour of 304 SS. Recently, S. Asano et al. [4, 5] and Igata et al. [6, 7] studied the influence of thermo-mechanical and hydrogen charging treatments in 304 SS using this technique. Asano's group has given special attention to the 310 SS in order to avoid problems of instability of 304 SS concerning phase transformations induced by these treatments. 4.1.-Peak AL The comparison between the IF spectra of the RT deformed samples permitted ?oaYsociate peak A to the peaks located at 320 K (550 Hz) and at 328 K (1000 Hz) showed by Asano et al. [5] and Igata et al. [6] , respectively. 
4.2.-E -p e~k~
The data points obtained from IF and testing frequency spectra are plotted in Fig. 6 , as a function of the measured temperatures, for the 304 SS samples subjected to hydrogen charging treatments. The peak temperatures and frequencies of Fig. 6 correspond to the H-peak of Fig. 4 and to those peaks obtained by Asano et al. [4, 5] and Igata et al. [6] . The activation energy was evaluated to be approximately 0.52 eV.
4.3.-~o~p~r~s~n -b~t~e~n -F~C -a~d -B~C s~r~c~u~e~. 4.3.1.-Dislocation rnobilit-The screw dislocation mobility in the BCC lattice at low tem$eratures Ysrath= lower than the mobility of 71° dislocations, which is camparable to the mobility of the screw and 60° dislocations in the FCC structure. This fact implies some differences among the IF spectra concerning the Bordoni relaxation; the two peaks overlapping in the FCC structure [8] but not in the BCC one (Funk and Schultz, to be published).If it is admitted that in 304 SS dislocations behave like the ones in the FCC metals, it should be concluded that peak A is not a Bordoni-type peak. Two facts support this conclusion: a) the observed background increase at low temperatures with the deformation amount in the previous [5-71 and present works (Fig. l), and b) the behaviour concerning the N and C influence observed by Igata et al. [7] for their P3 which was associated to to the unpinning of dislocations from defect complexes. At present, it is difficult to precise the mechanism responsible for peak A, but it is believed that IF measurements made as a function of vibration amplitude after the linear annealing at 523 K would confirm Igata's hypothesis.
4.3.2.-H gigfzsivitz and s o l u~i~i t y _ i~
205 ?SI The hydrogen diffusion energy i n d -F e at RT andlower temperatures is about 70 meV [9] . Despite the fact that hydrogen occupies tetrahedral interstices [IO] and should therefore give rise to a Snoek-type relaxation, this effect has not been observed in d -F e [9] . In 304 SS the diffusion energy near RT is 0.51 eV [Il] . The relaxation due to hydrogen in this structure may be observed only if hydrogen were associated to atoms or vacancies, forming a pair or a defect complex, since the octahedral interstice has the lattice symmetry. The value of 0.52 eV obtained £rom Fig. 6 for the activation energy of the process suggests that hydrogen is indeed associated, and the observed relaxation is of the Snoek-type.
The 304 SS has a higher H solubility than the oC-Fe, which is ( 1 at ppm below RT [9] . This difference is due mainly to the ability of octahedral interstices of the FCC lattice to accommodate hydrogen atoms whithout lattice distortions, which is not the case for the BCC lattice, in which hydrogen causes severe distortions. Perhaps for this reason the hydrogen Snoek peak was not observed in &-Fe while a cold work peak (CWP) appears in deformed and hydrogen charged samples [9] . On the other hand, the hydrogen charging treatment in 304 SS originates a peak (Fig.4) , and the combination of this treatment with deformation seems to create independent relaxations [5, 6] . The distinct behaviour of peaks A and H (Figs. 2 and 4 , respectively) towards linear annealing supports this fact. This should mean that there is no CWP in this case, and that possibly hydrogen-dislocation interaction occurs only when the hydrogen solubility limit is surpassed. It should also be mentioned that the H-peak may occur due to the stress-induced ordering of H-H pairs [4] or H-Ni pairs in austenitic stainless steels, since H has more afinity for Ni than for Fe or Cr [12] . Additional credit to this last hypothesis may be inferred by observing Fig. 1 of reference 4 , in which the H-peak height increases with the Ni content.
-CONCLUSION
The IF of 304 SS subjected to plastic deformation and hydrogen charging was measured at about 1 Hz in the temperature range between 120 and 523 K. An IF peak was found at 260 K after plastic deformation. Its characteristics are sumarized as follows: (1) it is resistant to linear annealing at 523 K and (2) its activation energy is about 0.75 eV. In order to determine the relaxation mechanism it is interesting to verify the IF behaviour as a function of amplitude. After hydrogen charging an IF peak was observed at 228 K. The linear annealing at -473 K decreases the peak height but does not eliminate it. Its activation energy was found to be about 0.52 eV, which is close to the hydrogen diffusion energy in 304 SS. This fact suggests a Snoek-type mechanism with hydrogen associated to other atomic species, forming pairs or defect complexes.
